Introduction {#Sec1}
============

In physics, we have been facing the situation that we are lacking a fully consistent quantum theory of gravity for more than 80 years. Nevertheless, there have been several proposals for a theory of quantum gravity and we need to decide which one of these is the most promising path to be investigated further. Hence, we need predictions that can be tested by experiment or observation. However, we have to deal with the crucial problem that effects from a theory of quantum gravity are expected to only become dominant at very large energies or very small scales that correspond to the Planck scale, i. e. an energy of $\documentclass[12pt]{minimal}
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                \begin{document}$$10^{19}$$\end{document}$ GeV corresponding to a length scale of $\documentclass[12pt]{minimal}
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                \begin{document}$$10^{-35}$$\end{document}$ m. Because of this it is extremely difficult to find sizeable effects of quantum gravity. One thus has to look for scenarios in which high energies or large curvature are involved and in this context either black holes or the early universe come to mind.

Within the last mentioned scenario, for the very first instants of the evolution of our universe, we have the widely accepted theory of inflation that -- apart from providing a solution to the flatness and horizon problem in our universe -- also gives rise to the structure in the universe we observe today. More importantly, the features of inflation are encoded in the anisotropies of the cosmic microwave background (CMB) radiation that has been measured to a large accuracy by the satellites COBE, WMAP and most recently Planck \[[@CR1]\]. Inflation is estimated to involve energies of the order of $\documentclass[12pt]{minimal}
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                \begin{document}$$10^{-5}$$\end{document}$ times the Planck energy, far more than particle accelerators that operate at energies of up to $\documentclass[12pt]{minimal}
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                \begin{document}$$10^{-15}$$\end{document}$ times the Planck energy.

The anisotropy spectrum of the cosmic microwave background can be described to a remarkable accuracy with a small set of parameters deduced from inflation. However, in recent data there is still a discrepancy at the largest scales that awaits further explanation: The power at these scales is smaller than expected \[[@CR1]\]. Given that these largest scales exit the horizon at the earliest during inflation, they are also the ones to be influenced by the highest energies during inflation and thus are most likely to carry information about any quantum-gravitational effect happening at or before the onset of inflation.

Furthermore, any theory of quantum gravity should lead to a new fundamental equation that recovers general relativity in a semiclassical limit. For the Wheeler--DeWitt equation it has been shown that a semiclassical approximation gives rise to both general relativity and quantum field theory in curved spacetime and in a subsequent step leads to a functional Schrödinger equation with quantum-gravitational corrections \[[@CR2], [@CR3]\]. For an inflationary model these effects can be estimated to be of order $\documentclass[12pt]{minimal}
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                \begin{document}$$10^{-10}$$\end{document}$ and concrete calculations have confirmed this estimate \[[@CR4]--[@CR11]\]. The magnitude of these effects in thus larger than in other less energetic scenarios, however, due to the fact that these corrections have this magnitude only for large-scale anisotropies -- where also the inherent statistical uncertainty due to cosmic variance is most prominent -- and drop off quickly for smaller scales, it does not seem realistic that such semiclassical effects can be measured -- at least in the CMB power spectrum. Apart from that it has been discovered that several theories of quantum gravity like Loop Quantum Gravity give rise to a phase that precedes inflation \[[@CR12]--[@CR16]\]. Such a pre-inflationary phase could thus lead to effects that can be orders of magnitude larger than the effects arising from a semiclassical approximation and thus can overcome cosmic variance.

Another aspect when considering inflation is that most inflationary models lead to so-called eternal inflation, which means that the universe as a whole inflates forever while bubbles of spacetime regions form in which inflation eventually ends. These bubbles can be regarded as universes of their own causally disconnected from the others, such that one can speak of a certain kind of multiverse \[[@CR17], [@CR18]\] (see \[[@CR19]--[@CR31]\] for other models of the multiverse). It has been shown recently that describing the model of an eternally inflating universe using a quantum-field-theoretical formulation of the Wheeler--DeWitt equation -- also called third quantization -- leads to sub-universes exhibiting a phase whose scale factor evolves like $\documentclass[12pt]{minimal}
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                \begin{document}$$a^{-6}$$\end{document}$ before reaching an approximate de Sitter phase \[[@CR32]--[@CR34]\]. Hence, from the perspective of a single sub-universe the de Sitter-like inflationary phase is preceded by a pre-inflationary phase. Also modeling an interaction between universes in the third quantization picture leads to specific kinds of pre-inflationary phases \[[@CR35]\].

The objective of this article is thus to analyze a specific model of an inflating universe in the third quantization picture with regard to the effect of the induced pre-inflationary phase on the CMB temperature anisotropies in the sub-universes and to see whether the observed suppression on large scales can be explained by this specific pre-inflationary phase. This is a natural scenario to look for a potential explanation for the low CMB quadrupole, as this pre-inflationary phase will affect the largest modes, i.e. those that have recently re-entered the horizon and therefore give the largest contribution to the CMB quadrupole. However, before tackling these issues, let us first review what has been done before with regard to this.

There have been different approaches to explain the discrepancy between the theoretical prediction of inflation and the measured temperature anisotropies of the CMB at the largest scales. We list some of them in the following. Fast roll inflation prior to standard inflation \[[@CR36], [@CR37]\], bounces and cyclic universes \[[@CR38]--[@CR40]\], a radiation dominated era \[[@CR41], [@CR42]\] and a pre-inflationary matter era supported by primordial micro black holes remnants \[[@CR43]\] have been considered in the context of the low quadrupole problem. More recently, slow-roll inflation preceded by a topological defect phase \[[@CR44]\] as well as compactification before inflation \[[@CR45]\] were also suggested as potential ways to explain the low CMB quadrupole.

The article is structured as follows. In the next section, we will present our chosen universe model and explain how we apply the third quantization formalism to it. In Sect. [3](#Sec3){ref-type="sec"}, we will review the methods to calculate the power spectrum of scalar perturbations. In Sect. [4](#Sec4){ref-type="sec"}, we show our results. Then, in Sect. [5](#Sec7){ref-type="sec"}, we present our conclusions. Finally, in Appendix A, we present further analytical expressions for the cosmological background evolution of the considered model, while in Appendix B, we present an approximation for the evaluation of the power spectrum after horizon crossing.

Model {#Sec2}
=====

We reconsider a model similar to our previous work \[[@CR34]\] that led to the appearance of an instanton with the crucial difference that we now consider a *flat* Friedmann--Lemaître--Robertson--Walker (FLRW) universe with scale factor *a* instead of a closed one. We shall see that there will be no instanton in this model. As before, we introduce a minimally coupled scalar field $\documentclass[12pt]{minimal}
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                \begin{document}$$\varphi $$\end{document}$ with mass *m*, which follows the potential $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathcal {V}(\varphi ) = \frac{1}{2}\,m^2\varphi ^2$$\end{document}$.

Canonically quantizing this model leads to the following Wheeler--DeWitt (WDW) equation for the wave function $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi (a,\varphi )$$\end{document}$ \[[@CR46]\]$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \Biggl [\frac{\hbar ^2 G}{3\pi }\,\frac{\partial ^2}{\partial a^2} - \frac{\hbar ^2}{4\pi ^2 a^2}\,\frac{\partial ^2}{\partial \varphi ^2}+2a^4\pi ^2 \,\mathcal {V}(\varphi ) \Biggr ]\phi (a,\varphi ) = 0.\nonumber \\ \end{aligned}$$\end{document}$$We have chosen a specific factor ordering without an additional term containing the first derivative of $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ with respect to *a*, because a term of this type will not have an influence on the subsequent calculations.

The above WDW equation can be simplified using the following rescaling of the scalar field$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \varphi \rightarrow \sqrt{\frac{4\pi G}{3}} \,\varphi , \end{aligned}$$\end{document}$$which absorbs several constants and makes $\documentclass[12pt]{minimal}
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                \begin{document}$$\varphi $$\end{document}$ dimensionless. We also define the quantities$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} H_\varphi ^2 := \frac{8 \pi G}{3}\,\mathcal {V}(\varphi ) \quad \text {and} \quad \sigma := \frac{3 \pi }{2 G}, \end{aligned}$$\end{document}$$which allows us to introduce$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \omega (a,\varphi ) := \sigma \,a^2H_\varphi . \end{aligned}$$\end{document}$$Using these definitions, we can thus write the WDW equation ([2.1](#Equ1){ref-type=""}) in the simple form:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \hbar ^2\,\frac{\partial ^2\phi }{\partial a^2} - \frac{\hbar ^2}{a^2} \frac{\partial ^2 \phi }{\partial \varphi ^2} + \omega ^2(a,\varphi ) \phi = 0. \end{aligned}$$\end{document}$$We interpret this equation now in the context of eternal inflation and postulate that the creation of sub-universes during eternal inflation can be described by promoting this wave function $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi (a,\varphi )$$\end{document}$ to an operator $\documentclass[12pt]{minimal}
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                \begin{document}$$\hat{\phi }(a,\varphi )$$\end{document}$ that can be decomposed as follows \[[@CR32]\]$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \hat{\phi }(a,\varphi ) = \int \frac{\mathrm {d}K}{\sqrt{2\pi }} \left[ \mathrm {e}^{\mathrm {i}K \varphi } \phi _K(a) \, \hat{b}_{K} + \mathrm {e}^{-\mathrm {i}K \varphi } \phi _K^*(a) \, \hat{b}^\dag _{K}\right] . \end{aligned}$$\end{document}$$The integral is taken over the variable *K* that specifies the conjugate momentum $\documentclass[12pt]{minimal}
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                \begin{document}$$p_\varphi $$\end{document}$ of the scalar field $\documentclass[12pt]{minimal}
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                \begin{document}$$\varphi $$\end{document}$ for a specific bubble universe. Consequently, the creation and annihilation operators $\documentclass[12pt]{minimal}
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                \begin{document}$$\hat{b}^\dag _{K}$$\end{document}$ create and destroy sub-universes with a specific value of *K*. Each sub-universe then is described by an amplitude $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi _K(a)$$\end{document}$ that satisfies an effective WDW equation of the form$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \hbar ^2\,\frac{\partial ^2\phi _K}{\partial a^2} + \omega _K^2 \phi _K = 0. \end{aligned}$$\end{document}$$Here, $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \omega _K(a) := \sigma \sqrt{a^4 H_{\mathrm {dS}}^2 + \frac{\hbar ^2 K^2}{\sigma ^2 a^2}}. \end{aligned}$$\end{document}$$We have also introduced a constant $\documentclass[12pt]{minimal}
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                \begin{document}$$H_{\mathrm {dS}}$$\end{document}$ that corresponds to $\documentclass[12pt]{minimal}
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                \begin{document}$$H_\varphi $$\end{document}$ set to the specific value of $\documentclass[12pt]{minimal}
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                \begin{document}$$\varphi $$\end{document}$ (cf. Eq. ([2.3](#Equ3){ref-type=""})) that the respective sub-universe takes.

The interpretation here is that this WDW equation ([2.7](#Equ7){ref-type=""}) describes the individual sub-universes, in which the scalar field takes a specific value leading to the inflationary scale $\documentclass[12pt]{minimal}
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                \begin{document}$$\varphi $$\end{document}$-derivative term that is present in the parent WDW equation ([2.5](#Equ5){ref-type=""}) leaves its trace as the term $\documentclass[12pt]{minimal}
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                \begin{document}$$\hbar ^2 K^2/a^2$$\end{document}$. Note that the factor $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hbar ^2$$\end{document}$ indicates that this term is clearly of quantum origin.

We thus can now determine what these sub-universes look like, following e.g. \[[@CR33]\]. An approximate solution to Eq. ([2.7](#Equ7){ref-type=""}) can be described by the Wentzel--Kramers--Brillouin (WKB) ansatz$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \phi _{\pm ,K}(a) \propto \frac{\mathrm {e}^{\pm \frac{\mathrm {i}}{\hbar }\, S_K(a)} }{\sqrt{2 \omega _K(a)}}, \end{aligned}$$\end{document}$$where the function $\documentclass[12pt]{minimal}
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                \begin{document}$$S_K(a)$$\end{document}$ is given by the integral$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{aligned} S_K(a) = \int ^a \mathrm {d}\tilde{a} \, \omega _K(\tilde{a}), \end{aligned}$$\end{document}$$The specific linear combination of the solutions ([2.10](#Equ10){ref-type=""}) will depend on the initial conditions imposed on the wave function of the sub-universe. As it will be clear in the following, we will only assume outgoing modes consistent with an expanding universe.

We now take the WKB solutions ([2.9](#Equ9){ref-type=""}) and look at the eigenvalue of the momentum $\documentclass[12pt]{minimal}
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                \begin{document}$$\hat{p}_a$$\end{document}$ at first order given by$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \hat{p}_a \phi _{\pm ,K} := -\,\mathrm {i}\,\frac{\partial \phi _{\pm ,K}}{\partial a} \approx \pm \,\frac{\partial S_K}{\partial a} \,\phi _{\pm ,K} = \pm \,\omega _K \phi _{\pm ,K}. \end{aligned}$$\end{document}$$In the semiclassical limit this momentum must be peaked around its classical analogue $\documentclass[12pt]{minimal}
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                \begin{document}$$p_a = -\,a \frac{\mathrm {d}a}{\mathrm {d}t}$$\end{document}$, where *t* is the cosmic time. Hence, we can deduce that$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} p_a = -\,a \frac{\mathrm {d}a}{\mathrm {d}t} \approx \mp \,\omega _K(a). \end{aligned}$$\end{document}$$We only consider the branch with the minus sign in Eq. ([2.9](#Equ9){ref-type=""}) as this represents an expanding universe. Thus we can finally write down the effective Friedmann equation that describes the evolution of the expanding sub-universes:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} H^2 \equiv \left( \frac{\dot{a}}{a}\right) ^2 = \frac{\omega ^2_K(a)}{\sigma ^2a^4} = H_{\mathrm {dS}}^2 + \frac{\hbar ^2 K^2}{\sigma ^2 a^6}. \end{aligned}$$\end{document}$$We can already see at this point that at late times, this universe is asymptotically de Sitter, while for early times a stiff-matter like term $\documentclass[12pt]{minimal}
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                \begin{document}$$\propto a^{-6}$$\end{document}$ appears, which is, however, of pure quantum origin as indicated by the factor $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\hbar ^2$$\end{document}$. Compared to the model analyzed in \[[@CR34]\] the curvature term is missing (by construction).Fig. 1The evolution of the scale factor as a function of the cosmic time (cf. Eq. ([2.16](#Equ16){ref-type=""})) and of the conformal time (cf. Eq. ([2.21](#Equ21){ref-type=""})). The moment of transition from decelerated expansion to inflation is indicated by a dark dot

Let us now determine the evolution of the scale factor in this sub-universe. In order to obtain the explicit solution in terms of the cosmic time, we employ the variable redefinition $\documentclass[12pt]{minimal}
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                \begin{document}$$a\rightarrow y:=H_{\mathrm {dS}}^3 a^3/ \tilde{K}$$\end{document}$ so that the effective Friedmann equation ([2.13](#Equ13){ref-type=""}) can be written as$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathrm {d}t = \frac{1}{3H_{\mathrm {dS}}}\frac{\mathrm {d}y}{\sqrt{1 + y^2}}. \end{aligned}$$\end{document}$$Here, we introduce the normalized *K*-number[1](#Fn1){ref-type="fn"} defined as $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tilde{K}:= (2\hbar ^ 2 H_{\mathrm {dS}}^2)/(3\pi M_{\mathrm {P}}^2) K$$\end{document}$. Integrating the previous equation from $\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} t - t_0 = \frac{1}{3H_{\mathrm {dS}}}\,\mathrm {arsinh}\left( \frac{H_{\mathrm {dS}}^3a^3}{\tilde{K}} \right) , \end{aligned}$$\end{document}$$where $\documentclass[12pt]{minimal}
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                \begin{document}$$t_0:=t(a=0)$$\end{document}$ can be set to zero without loss of generality. Inverting this equation we find the solution for *a*(*t*) (Fig. [1](#Fig1){ref-type="fig"})$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} a(t) = \frac{\tilde{K}^{\frac{1}{3}}}{H_{\mathrm {dS}}} \sinh ^{\frac{1}{3}}\left[ 3H_{\mathrm {dS}}\left( t - t_0\right) \right] . \end{aligned}$$\end{document}$$Alternatively, we can derive the explicit solution of the scale factor in terms of the conformal time $\documentclass[12pt]{minimal}
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                \begin{document}$$a\rightarrow x:=H_{\mathrm {dS}}^2 a^2/\tilde{K}^{2/3}$$\end{document}$, leading to$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} \mathrm {d}\eta = \frac{1}{2\tilde{K}^{1/3}}\frac{\mathrm {d}x}{\sqrt{1 + x^3}}, \end{aligned}$$\end{document}$$followed by the intermediate transformation[2](#Fn2){ref-type="fn"} $\documentclass[12pt]{minimal}
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Scalar perturbations {#Sec3}
====================
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Usually, quantum zero-point fluctuations of a given quantity are described in terms of their variance $\documentclass[12pt]{minimal}
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Numerical results {#Sec4}
=================

Toy model {#Sec5}
---------

As a toy model we relax the asymptotic de Sitter behavior in Eq. ([2.13](#Equ13){ref-type=""}) by replacing the constant term $\documentclass[12pt]{minimal}
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On the left-hand side panel of Fig. [2](#Fig2){ref-type="fig"} we present the evolution of $\documentclass[12pt]{minimal}
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Observational data sets strict constraints on the shape of the primordial power spectrum around the pivot scale $\documentclass[12pt]{minimal}
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Numerical computations {#Sec6}
----------------------

In order to numerically solve the Mukhanov--Sasaki equation ([3.9](#Equ30){ref-type=""}) for all the relevant modes, we adopt the same strategy employed in Refs. \[[@CR44], [@CR54]--[@CR59]\] and replace the linear perturbation $\documentclass[12pt]{minimal}
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In addition to the primordial power spectrum, CMB data constraints on the contribution of the TT-polarization provide a good way to discriminate viable models. The TT contribution to the angular power spectrum from the scalar sector is given by \[[@CR60]\]$$\documentclass[12pt]{minimal}
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Conclusion {#Sec7}
==========

Despite the incredible fits that inflationary models give to the CMB temperature anisotropies, there are still some anomalies, like the low-quadrupole problem of the CMB, that might hint towards new pre-inflationary physics. In the present paper, we explore the possibility of solving the quadrupole problem in the CMB in the paradigm of the multiverse within the framework of the third quantization. For this goal, we use a toy model as the one presented in the second section and assume, as a first approach, power law inflation despite being aware of the shortcomings of this kind of inflation.

Given our simplified model, it turns out that while we can get a significant suppression of the power spectrum on the largest scales as shown in Fig. [4](#Fig4){ref-type="fig"}, it turns out that generically a new "bump" or extra peak appears on the power spectrum between the mode corresponding the pivot scale used in the data analysis of the Planck mission and the scale corresponding to the present Hubble horizon. Therefore, despite the possibility of obtaining a suppression on large scales, the existence of the extra peak with such a great amplitude rules out the present model unless the value of $\documentclass[12pt]{minimal}
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                \begin{document}$$\ell > 30$$\end{document}$ has to be spoiled, as can be seen in Fig. [5](#Fig5){ref-type="fig"}. A possibility to overcome this problem is to consider an interacting multiverse, for example, as the one presented in \[[@CR35]\], which could alleviate the CMB quadrupole problem along the lines of \[[@CR41]--[@CR43]\]. We will present those results in a forthcoming paper.

Appendix A: Solutions to the Friedmann equation in terms of hypergeometric functions {#Sec8}
====================================================================================

In this section we derive the general solution for the equation$$\documentclass[12pt]{minimal}
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                \begin{document}$$\alpha =0$$\end{document}$ it can be checked that the cosmic time solution ([2.15](#Equ15){ref-type=""}) is recovered by means of Eq. (15.1.7) of \[[@CR47]\] in conjunction with the logarithmic representation of the inverse hyperbolic functions (cf. Eq. (4.6.20) of \[[@CR47]\]).

Appendix B: Evaluation of the power spectrum after horizon crossing {#Sec9}
===================================================================

In this section we evaluate the primordial power spectrum in power-law inflation outside the Hubble horizon and check whether the formula ([3.18](#Equ39){ref-type=""}) can be extended to the moment of horizon crossing when $\documentclass[12pt]{minimal}
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                \begin{document}$$\epsilon =\alpha /2$$\end{document}$ during power-law inflation. This is the same result found in ([4.4](#Equ43){ref-type=""}) by directly evaluating ([3.18](#Equ39){ref-type=""}) at horizon crossing and assuming $\documentclass[12pt]{minimal}
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The normalization employed here is equivalent to $\documentclass[12pt]{minimal}
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                \begin{document}$$k_m$$\end{document}$ in \[[@CR33]\]) as the maximum value of *K* for which a quantum tunnelling effect can occur in a universe with closed spatial geometry. In the present case, with a flat spatial section, $\documentclass[12pt]{minimal}
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                \begin{document}$$K_\text {max}$$\end{document}$ has no particular physical meaning aside from fixing the energy scale of pre-inflation.

The variable *v* is defined in the interval $\documentclass[12pt]{minimal}
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                \begin{document}$$v_k$$\end{document}$.

While strictly speaking the formula ([3.18](#Equ39){ref-type=""}) is only valid for $\documentclass[12pt]{minimal}
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                \begin{document}$$k|\eta |\ll 1$$\end{document}$, i.e. after the mode exits the Hubble horizon, it can be shown that a good approximation to the power spectrum after inflation can be obtained by extending this solution to the moment of horizon crossing, when $\documentclass[12pt]{minimal}
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                \begin{document}$$k|\eta |\approx 1$$\end{document}$. For more details please see Appendix B.

While in the rest of the paper the wave-number *k* is dimensionless, in Fig. [4](#Fig4){ref-type="fig"} we follow the convention in the literature and display *k* in units of *h* Mpc$\documentclass[12pt]{minimal}
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These normalized angular power spectra contain the scalar and tensorial sectors.
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